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This study examined avian species richness, abundance, distribution, and diversity in 
relation to seasonal and temporal changes in Enashiva Nature Refuge, Tanzania. Data was 
collected in using point-counts along pre-established transects in four distinct habitats – wooded 
grassland, grassland, woodland, and riverine – over an 18-day period from November 6 to 
November 23, 2011. Transects were comprised of five point-count spots, at which data on avian 
species an abundance was collected for 30 minutes each. Data was compared to two previous 
studies conducted in November 2009 and April 2011 with similar methodologies over 
comparable time frames. Descriptive statistics, community similarity, and Simpson and 
Shannon-Wiener indices of diversity were used to compare all data sets overall and by habitat. 
Both seasonal and temporal changes over time were found in the avifauna of Enashiva Nature 
Refuge. Habitat-specific differences were also noticeable. For all studies, the grassland had the 
fewest species and individuals, while the most species and individuals fluctuated between other 
habitats. In this study, the wooded grassland had the most community similarity with other 
habitats, while the grassland had the least. Between studies, the two fall studies were the most 
similar, reflecting seasonal changes. All habitats and the overall community of Enashiva ranked 
with relatively high diversity for both Simpson and Shannon-Weiner indices of diversity, with 
the overall community being the most diverse and the grassland being the least. Between studies, 
different habitats were the most diverse, but for all studies the grassland was the least diverse. 
With the onset of the short rainy season, rain hours increased each day, correlating strongly with 
an increase in both species identified and individuals seen. Migrant species were also analyzed, 
with a similar number of migrants found in each study but the most similar migrant community 
shared between the two fall semesters. With both the expected seasonal changes and the less-
expected changes over time, this study provided evidence of the changing avifauna community 
due to both seasonal rains and the changing habitats at Enashiva Nature Refuge. 
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 Of the almost 10,000 described species of birds in the world (Carnaby, 2008), over 2,000 
species can be found in Africa, of which 90% are African endemics (Dowsett and Forbes-
Watson, 1993). Due to the area’s diversity of habitats, East Africa alone has a high level of 
biodiversity that includes over 1,388 formally identified species of birds (Stevenson and 
Fanshawe, 2002). East Africa’s avifauna inhabit almost every part of the area, with a wide and 
diverse distribution across Tanzania, Kenya, Uganda, Rwanda, and Burundi.  Birds are important 
indicators of biodiversity and ecosystem health because they “respond quickly to change and are 
relatively easily monitored” (Conservation International). These birds play critical roles in all of 
the many ecosystems of East Africa, and their conservation is critical from “moral and aesthetic 
viewpoints, utilitarian economic viewpoints, and above all as functioning parts of the very 
ecosystems that sustain Africa's people” (Diamond and Filion, 1987). Birds are contained within 
every energetic trophic level, from herbivorous to predatory birds, and help regulate populations 
by providing both prey and predator functions. Birds also facilitate plant life by dispersing seeds 
and pollinating flowers, and provide a host of other important ecological roles. However, the 
international community is worried that these critical ecological functions may be lost to various 
changes in environment, with a particular concern for how global climate change will affect 
avian populations (Carrillo-Rubio, Luisanna). 
 Within the East African landscape, the Serengeti-Mara ecosystem alone is a haven for 
avifauna diversity; within the Serengeti-Mara’s 25,000 square kilometers, 517 of East Africa’s 
1388 bird species have been identified. The Serengeti-Mara is located in northern Tanzania and 
southern Kenya, bordered by the Ngorongoro highlands on the east, the West Corridor and Lake 
Victoria, the Kenyan Isuria Escarpment in the north, and dense woodland and rock faces in the 
south. Several conserved areas exist within and around the Serengeti-Mara ecosystem: the 
Serengeti National Park, Maasai Mara National Reserve, Maswa Game Reserve, Grumeti Game 
Controlled Area, Ikorongo Game Controlled area, Loliondo Game Controlled Area, and several 
privately-run conservation areas. 
 One of these privately run conservation areas, located near the Loliondo Game 
Controlled Area, is Enashiva Nature Refuge. Located just east of the Serengeti National Park, 
Enashiva is part of the greater Serengeti-Mara ecosystem. Private conservation areas have 
different benefits and drawbacks compared to national parks or other public or semi-public 
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protected areas. One of the primary benefits of private conservation areas is their function as 
“stepping stones” between larger conservation areas, so that wildlife may have small safe-havens 
between protected areas sheltered from human development. The theory of island biogeography 
dictates that fragmentation, the case of natural areas becoming smaller, cuts off resources for 
wildlife within and lowers the carrying capacity of that given area, causing decreases in 
populations. Human habitation around a given area insularizes these fragments, cutting them off 
from other protected areas and preventing the potential of resource sharing or source-sink 
population rescues. As with many other small conservation areas, human habitation is increasing 
around the boundaries of Enashiva Nature Refuge, and this may be negatively impacting wildlife 
(including birds) within the refuge; such fragmentation and insularization can dramatically affect 
both species richness and abundance. 
 This phenomenon is particularly volatile in ecosystems such as those in East Africa, 
because with the mosaic of habitats which makeup a savanna ecosystem comes a wide array of 
wildlife niches. Animals, especially birds, have evolved and become specialized to take 
advantage of their own niche in the many facets of a given habitat. For instance, there are a few 
basic bill/beak designs with “variations on each of these [designs] ensuring that each species can 
remain unchallenged within a particular ecological niche” (Carnaby, 2008). Birds of prey have 
sharp, hooked beats for hunting and tearing flesh, while small granivores have short, thick, 
conical beaks for cracking seeds. When habitats are fragmented, insularized, or generally 
damaged or reduced, such specialized species are most at risk if the habitat necessary for their 
niche is degraded or lost. 
 Such specialization of bird species is dependent primarily on habitat choice, food type, 
and temporality. Different birds need different food, different living conditions, and their 
behavior is dependent in great part by the climate of their environment. In East Africa, 
temporality is in sync with distinct seasonality. The Serengeti-Mara ecosystem, like the rest of 
northern Tanzania, is characterized climatically by two rainy seasons and two dry seasons. This 
is caused by the Intertropical Convergence Zone (ITCZ), a large-scale weather pattern comprised 
of a belt of low pressure over the equator which follows the northward and southward movment 
of the sun (Gichocho et. al, 1996). The short rainy season typically occurs from October to 
November and the longer rainy season typically occurs from March to May. However, exact 
points at which these seasons begin and end fluctuate from year to year. 
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These fluctuations in seasonality, between rainy and dry, effects many wildlife activity 
and movement. This also applies to avifauna: a feature of East African birding is the host of 
migrant bird species from both the Palearctic region and southern Africa (Stevenson and 
Fanshawe, 2002), driven primarily by this seasonality. Migratory birds have distinct seasonal 
movements, and migrate each year between a northern breeding ground and a southern wintering 
location. These movements are dependent on food availability, habitat, and weather. Although 
there are general times at which these migrant species arrive and depart, many of these birds 
move in response to changing weather patterns; in particular, rain. The short rainy season in 
northern Tanzania brings many migrant species to the Serengeti-Mara ecosystem.  
Resident bird species are also influenced by rainfall and seasonality. An analysis of the 
distribution of Afrotropical bird species showed “fairly clear correlation between bird diversity 
and [annual] rainfall” (Huntley, 1988). For many birds, seasonal rains trigger the response to nest 
due to a higher abundance of food (Stevenson and Fanshawe, 2002). Temporal resource 
partitioning, predator avoidance, tracking of seasonal resources, and physiological constraints 
(Morin, 2008) are also determined by these seasonal fluctuations in rain. 
Transitions between seasonality create great changes in avifauna species richness, 
abundance, and distribution. This study examines resident and migrant bird species in four 
different habitats of Enashiva during a transition of seasons (November 2011), examining the 
difference between habitats and the effect of temporality and seasonality on bird populations. I 
predict that habitat will affect species richness and abundance, with the most species and 
individuals in the riverine habitat (due to its high level of resources) and the least in the grassland 
(due to its variety of arboreal vegetation). I predict that there will be more individuals than in the 
Spring 2011 study, based on comparisons between Fall 2009 and Spring 2011. Between habitats, 
I expect that there will be the most similarity between the wooded grassland and woodland due 
to similar resources. Between studies, I expect the two fall study communities to be the most 
similar due to seasonal cycling. I expect to find the highest levels of diversity in the riverine 
habitat, from higher availability of resources. As the short rainy season begins, I expect I will see 
more species and individuals as time progresses if rain increases daily. With this seasonal 
change, I expect to find migratory birds similar to those found in the Fall 2009 study but 
different to any found in the Spring 2011 study. Generally, I expect to find overall and habitat-




Enashiva Nature Refuge is a private conservation area in the Loliondo region of Northern 
Tanzania, 20 kilometers east of the Serengeti National Park and 10 kilometers south of the 
Kenya-Tanzania border. Enashiva encompasses a 5,098 hectare plot of land with an elevation of 
around 2,000 meters above sea level, including 32.4 kilometers of major roads and two major 
rivers (Pelz, 2009). Thomson Safari Company, owned by Rick Thomson and Judy Wineland, 
purchased the land in 2006. The majority of the area surrounding Enashiva is a game-controlled 
area, with several game reserves and tented camp safari companies, or open land with a large 
Maasai population and numerous livestock (Matthews, pers. comm. 2009). Before the land was 
owned by Thomson Safari Company, it was used for barley cultivation by Tanzania Brewing 
Ltd., which began in 1984 and ended in 1992 due to no longer profitable crop. Between 1992 and 
2006 the “no-man’s” land was fragmented and heavily contested; surrounding Maasai clans used 
the land for grazing, trees were cut down for fuelwood and building materials, and wild game 
was hunted and sold in the neighboring town of Wasso (Yamat, pers. comm. 2011). 
 
The goals of Thomson Safari Company include: the protection of wildlife, the creation of 
community-based conservation programs, and ecotourism. They work with local people to 
promote conservation through community projects, and make an effort to help the communities 
around Enashiva through employment, school funding and assistance, and Maasai cultural boma 
tourism. Thomson Safari Company also built a borehole well for the dry seasons for the 
Figure I. Location of Enashiva, Northern Tanzania 
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surrounding Maasai (Wineland, pers. comm. 2011). For its work with community-based 
conservation around Enashiva, Thomson Safari Company received the 2009 Conservation 
Award from the Tanzanian Tourist Board. (Butler et. al, 2009) 
Despite their efforts, there is still conflict between Enashiva Nature Refuge and the 
surrounding Maasai communities. Two thousand Maasai were evicted from their homes and 
forced to relocate with little or no compensation for the creation of Enashiva Nature Refuge. 
Thomson Safari also places restrictions on the natural resources within the conservation area, 
such as collecting only already fallen wood and grazing cattle only in the dry season in certain 
areas (Ketuta, pers. comm. 2011). Even with these restrictions, however, the Maasai do graze 
during the rainy seasons and in areas where they are not permitted (personal observation, 2011).  
Enashiva Nature Refuge is part of the Serengeti-Mara savanna ecosystem, and is 
considered a moist savanna because of its higher annual rainfall than other savanna ecosystems, 
caused by its proximity to Lake Victoria. Now that the land is no longer used for cultivation, 
wild fauna and flora have been returning to Enashiva. Between 2006 and 2011 it is predicted that 
animal numbers in Enashiva increased 50 fold (Yamat, pers. comm. 2011). The circular 
wildebeest migration of the Serengeti National Park now partly goes through Enashiva. 
Woodland habitats with endangered tree species are also being restored. Because Enashiva lacks 
fire (or controlled burning) along with elephants, tree saplings are growing in areas which are 
now undisturbed; this encroachment of woodland shows the progression towards one of the 
savanna ecosystem’s multiple stable states, which has been thought to have shifted between 
grassland and woodland many times in the last 120 years. This encroachment of woodland adds 
to the mosaic of habitats which already comprise a savanna ecosystem. There are five defined 
habitats within Enashiva: woodland, grassland, wooded grassland, riverine, and ridge woodland. 
All habitats except ridge woodland were looked at for this avifauna study. For comparison 
between previous studies, this study used the same four transects that Gottlieb (2011) used, 
modeled after the same four habitats used by Kim (2009). (Appendix I) 
The woodland habitat is defined as “land supporting a stand of trees up to 20 meters in 
height with an open or continuous but not thickly interlaced canopy, and canopy cover of more 
than 20 percent” (Pratt and Gweyn). It is comprised of mainly acacia trees and regenerating 
acacia saplings, with other tree species and vegetation as well. The grassland consists of limited 
tree growth and is comprised mainly of grasses with occasionally low shrub vegetation. While 
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both short and medium grasslands are found within Enashiva, a medium grassland was chosen 
for the avifauna study transect (Gottlieb, 2011). The wooded grassland is defined by a grassland 
with scattered trees creating a canopy cover typically less than 20 percent. The trees are mainly 
regenerating whistling acacia saplings interspersed with and other tree species. For this study, a 
wooded grassland transect was chosen with canopy cover between 10 and 20 percent (Gottlieb, 
2011). The riverine transect is the riverbed of a tributary of one of Enashiva’s two main rivers, 
consisting of a variety and high abundance of various vegetation. While this study was 
conducted during the onset of the short rainy season, normally the riverbed was dry; however, as 
the rain increased, there was occasionally standing water in the riverbed. Although the spring 
2011 study had similar or lower levels of water in the riverbed, “the area in the close vicinity of 
the river was exceptionally green – greener than the other three habitats” (Gottlieb, 2011). 
However, this was not the case for this study, as all habitats observed became very green as rain 
increased. To see photographs taken of each habitat at the beginning and end of this study, to 





This study was done using a point-count system along transects. The methodology was 
duplicated from Becky Gottlieb’s Spring 2011 study, which was adapted from Eileen Kim’s Fall 
2009 study. Because of this, this data can be used along with the previous two studies to make 
comparisons both on seasonality and variation from year to year, and adds to a growing database 
of comparable avifauna data collected at Enashiva Nature Refuge by SIT students. 
Reconnaissance to find the precise transect locations from Spring 2011 (Appendix I)  
took place on November 5, 2011. Data collection took place from November 6 to November 23, 
2011, with break days for makeup data collection on November 14 and 23. Birds were observed 
in four different habitats within Enashiva Nature Refuge: wooded grassland (WG), grassland 
(GL), woodland (WL), and riverine (R). One 50,000m2 transect was set up for each habitat. Each 
transect contained five observation plots, with center points spread 100m apart. Each plot was a 
circle with a radius of 50m and an indefinite height to the sky. These observation plots were not 





Data was collected twice a day: from 6:30am to 9:00am and from 4:00pm to 6:30pm. 
These birding sessions of 150 minutes were divided up equally throughout the five plots (P1 
through P5) of each transect: each plot was allotted 30 minutes, with three minutes for walking 
between the plots and waiting for birds to settle and the remaining 27 minutes for data collection. 
 Each habitat was observed eight times: four times in the morning and four times in the 
afternoon. Observation sessions were spread between habitats in such a way so that data 
collection was evenly distributed in a temporally consistent manner; instead of collecting the 
four morning and four afternoon sets of data for the riverine habitat during the first four days, 
morning and afternoon data collection sessions at each habitat were spread out evenly, so that no 
habitat’s morning session was closer to its afternoon counterpart than another habitat’s. A 
“series” was considered the four days in which data was collected for each habitat in one 
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     P3 
 
     P4 
 




habitat: 2.5 hours in the morning and 2.5 hours in the afternoon. With a total of 16 days of 
research, the data was divided into four different series as follows:  
  AM PM 
Day 1 wooded grassland grassland 
Day 2 woodland riverine 
Day 3 grassland wooded grassland 
Series 1 
Day 4 riverine woodland 
Series 2 Day 5 wooded grassland grassland 
 
This even spread of data collection between habitats was particularly important because 
as each day passed, there was a greater potential for migrant species moving into Enashiva. Had 
data been collected such that only one habitat was observed in the first four days, data would 
have been skewed for different habitats based on temporal changes in avifauna migrants arriving, 
and not based on the habitat itself. Therefore, such misrepresentation was avoided by spreading 
out both the morning and afternoon data sets for any given habitat, creating four even series. 
When a bird was seen in a point-count spot along a habitat’s transect, it was identified to 
the species level and recorded. If the bird could not be identified to the species level, the family 
was recorded. A separate list was kept for unidentified birds (which could not be identified to the 
species or family level), a problem which was commonly due to birds being in rapid flight, flying 
away before proper identification, or being out of sight (such as in areas with poor visibility, in 
the interior of trees, or in directly in the sun). To help with identifying hard-to-seeb birds, the 
observer was allowed to walk quietly within 15m from the center of each point-count circle. To 
aid in identifying unfamiliar birds, detailed sketches were drawn and labeled and, whenever 
possible, photographs were taken. 
 Analysis of this data collected over the 18 days at Enashiva Nature Refuge was done 
using species richness and individual abundance comparisons, Shannon-Wiener index of 
diversity, community similarity, and chi-square tests. Using comparable data from Fall 2009 and 
Spring 2011, comparisons were drawn between habitats within a given year, and between years 
both overall and within habitats. 
 
Table 1. Methodologically comparable study time frames, numbers of observation sessions, and hours of data 
collection for the Fall 2009, Spring 2011, and Fall 2011 avifauna studies at Enashiva Nature Refuge, Tanzania. 







Fall 2009 (Kim) Nov 9-24 28 6:00-8:30am 3:00-5:30pm 
Spring 2011 (Gottlieb) Apr 10-25 28 6:30-9:00am 4:00-6:30pm 
Fall 2011 (Catania) Nov 6-23 32 6:30-9:00am 4:00-6:30pm 
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Community similarity was calculated between each habitat within Fall 2011 data to see 
which habitats were most alike. To see if given communities were dissimilar over time, 
community similarity was also calculated between the three different studies overall and for each 
habitat. For insight into the levels of diversity, Shannon-Wiener indices were calculated for each 
habitat in Fall 2011 and compared to the Shannon-Wiener values of the previous two studies. To 
investigate the affects of the onset of the short rainy season on avifauna richness and abundance, 
rain hours were logged each day at Enashiva (Appendix IV). Migrant species to Enashiva 
(distinct from resident species) were pulled out from the greater data set, and a chi-square test 
was conducted using the three semesters of data to see whether presence at Enashiva birds is 
independent of the season. 
 Although the data between Fall 2009, Spring 2011, and Fall 2011 is comparable, there 
are some important discrepancies. Fall 2009 data only includes individuals species-identified, 
and so the total number of individuals seen does not include individuals seen but left only 
family- or unidentified. The slight changes in the methodology of Spring 2011 and Fall 2011 
may have allowed for the sighting and identification of a greater number of birds, explaining the 
increase in total individuals seen in those two years from Fall 2009. However, because there was 
no significant difference between the methodologies of the two 2011 studies, there is no 
methodological explanation for the stark increase in individuals seen from Spring 2011 (2651) to 
Fall 2011 (4465). Furthermore, although data sets from each study do indicate similarities, it 
should be noted that, of individuals seen: an unknown percentage were species-identified in Fall 
2009, less than 50% were species-identified in Spring 2011, and over 80% were species-






 During the 32 sessions of data collection, taken over an 18-day period, a total of 4465 
individuals from 119 different species were recorded in Enashiva Nature Refuge in Tanzania, 
November 2011. Of these, 3740 individuals were identified to the species level, with 162 
individuals identified only to the family level and a remaining 563 individuals unidentified. 
 Numbers of individuals seen and species identified differed by habitat. The greatest 
number of species (75) was identified in the wooded grassland (Fig. 2a), while the greatest 
number of individuals (1315) was seen in the woodland (Fig. 2b). The fewest numbers of both 
species (57) and individuals (785) were seen in the grassland (Fig 2). 
 
 
Figure 2. The (A) total number of bird species identified by habitat and (B) total number of individuals seen by 
habitat at Enashiva Nature Refuge, Tanzania in November 2011. The data were collected using transect point-counts 
in each habitat: wooded grassland, grassland, woodland, and riverine. Total number of individuals seen (B) is 
divided between individuals species-identified and individuals family- or unidentified. 
 
Comparisons to Previous Studies 
 Total species identified and total individuals seen (both species-identified and family- or 
unidentified) were compared to two previous Enashiva bird studies, conducted over similar time 
frames with similar methods (Table 1). Like numbers of species were identified in each study 
(Fig. 3a), but from very different species (Appendix III). Very divergent numbers of total 
individuals were seen in each study (Fig. 3b), with the fewest individuals (1585) seen in Fall 
2009 (for which data for family- or unidentified individuals is not available) and the greatest 
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Figure 3. Comparisons between overall data of different avifauna studies at Enashiva Nature Refuge, Tanzania 
conducted in Fall 2009 (Kim), Spring 2011 (Gottlieb), and Fall 2011 (Catania) by (A) the total number of bird 
species identified during the study and (B) the total number of individuals seen during the study. For the Spring 
2011 and Fall 2011 studies, the total number of individuals seen (B) is divided between individuals species-
identified and individuals family- or unidentified. 
 
 Comparisons between studies were also drawn by habitat. For both fall studies, the 
greatest number of species was identified in the wooded grassland, while this applied to the 
riverine habitat for Spring 2011 (Fig. 4a). For all three studies, the fewest species were identified 
in the grassland. Habitat-specific numbers of individuals seen in each study varied greatly (Fig. 
4b), with the most individuals were identified in the wooded grassland in Fall 2009 (570), the 
riverine habitat in Spring 2011 (807), and the woodland in Fall 2011 (1315). The fewest 
individuals for all three studies (218, 409, 785, respectively) were seen in the grassland (Fig. 4b). 
 
 
Figure 4. Comparisons between habitat-specific data of different avifauna studies at Enashiva Nature Refuge, 
Tanzania conducted in Fall 2009 (Kim), Spring 2011 (Gottlieb), and Fall 2011 (Catania). (A) The total number of 
bird species identified in each habitat and (B) the total number of individuals seen in each habitat. For the Spring 
2011 and Fall 2011 studies, the total number of individuals seen (B) is divided between individuals species-
identified and individuals family- or unidentified. 
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Habitat by Semester of Study 




 To observe the level of similarity between habitats, community similarity of species 
presence was calculated between each habitat of Fall 2011. The woodland and riverine habitats 
were most similar of any two habitats, while wooded grassland was overall the most similar to 
the other three habitats. The two least similar habitats were the grassland and riverine habitats. 
Grassland had overall the least similarity to the other three habitats. 
 
 
Figure 5. Avifauna community similarity between habitats in Enashiva Nature Refuge, Tanzania in Fall 2011. The 
data were collected using transect point-counts in each habitat: wooded grassland, grassland, woodland, and 
riverine. Values calculated using Jaccard’s community similarity formula (1999) comparing shared species between 
two habitats against species seen in either habitat: C = c/(s1+s2-c), where C is community similarity, c is the number 
of common species, s1 is the number of species in habitat 1, and s2 is the number of species in habitat 2.  
 
To see if the overall bird community was similar between seasons and over time, 
community similarity was calculated between all data from each study. No two semesters 
reached 50% similarity, but the two fall communities were the most similar, and the Fall 2009 
and Spring 2011 communities were least similar (Fig. 6a). To see if habitat-specific communities 
were changing over time, similarities were calculated between individual habitats of each study 
(Fig. 6b). Like their overall community counterparts, no community reached a similarity of even 
50%. It was found that in both wooded grassland and grassland habitats, the two fall 
communities were most similar, with like levels of difference for Fall 2009/Spring 2011 and 
Spring 2011/Fall 2011. Woodland and riverine habitats were most similar between Spring 2011 
and Fall 2011 and least similar between Fall 2009 and Spring 2011. The most dissimilar habitat 
comparison was the riverine habitats of Fall 2009 and Spring 2011 (Fig. 6b). 
 









































Figure 6. Community similarity between different avifauna studies at Enashiva Nature Refuge, Tanzania conducted 
in Fall 2009 (Kim), Spring 2011 (Gottlieb), and Fall 2011 (Catania). Comparisons calculated for (A) full 
communities between studies and (B) individual habitats between studies. The data were collected using transect 
point-counts in each habitat. Values calculated using Jaccard’s community similarity formula (1999). 
 
 Community similarity between different studies was further compared by examining the 
number of shared species between two studies, the number of species found only in two studies, 
and the number of species unique to a study. The Fall 2009 and Fall 2011 studies had both the 
greatest number of shared species (Fig. 7a) and the greatest number of species found only in 
those two studies (Fig. 7b). The Spring 2011 study had the greatest number of species unique to 
that study (Fig. 7c). 
 
 
Figure 7. Shared and unique bird species between different studies at Enashiva Nature Refuge, Tanzania conducted 
in Fall 2009 (Kim), Spring 2011 (Gottlieb), and Fall 2011 (Catania). Comparisons taken from full community data 
for (A) total number of species shared between those two studies, (B) number of species distinct to those two 
studies, and (C) number of species found only in that study. Colors of bars correlate to a semester comparison (A, B) 











Fall 2009 vs. 
Spring 2011 
Fall 2009 vs. 
Fall 2011 















































B Fall 2009 vs. Spring 2011 Fall 2009 vs. Fall 2011 




































































































Semester of Study 
C 
 14!
Indices of Diversity: 
Simpson and Shannon-Wiener indices of diversity values were calculated for Fall 2011 
data. For both indices, the overall community and all habitats ranked with high diversity (Fig. 8). 
Of the habitats, wooded grassland ranked highest and grassland ranked lowest. The overall 
community was more diverse than any individual habitat. 
 
 
Figure 8. Values calculated for Simpson and Shannon-Wiener diversity indices, for each habitat and for the overall 
avifauna community of Enashiva Nature Refuge, Tanzania in Fall 2011. Simpson diversity index ranges from 0 (low 
diversity) to 1 (high diversity) and Shannon-Wiener from 1.5 (low) to 3.5 (high), with outlying values possible. 
 
 Shannon-Wiener diversity values were compared between the three studies. Diversity 
was highest in the wooded grassland and riverine for all studies (Fig. 9), with the greatest 
instance of diversity in the Spring 2011 woodland. The lowest levels occurred in the grassland of 
all three studies, with the instance of least diversity in Fall 2011. Spring 2011 had noticeably 
lower diversity (2.70) than Fall 2011 (3.68), and raw data for Fall 2009 was not available. 
 
 
Figure 9. Shannon Wieners compared between different avifauna studies at Enashiva Nature Refuge, Tanzania 
conducted in Fall 2009 (Kim), Spring 2011 (Gottlieb), and Fall 2011 (Catania). Shannon-Wiener diversity index 
ranges from 1.5 (low diversity) to 3.5 (high diversity), with outlying values possible. 
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Microtemporal Changes: The Onset of the Short Rainy Season 
This study took place at the onset of the short rainy season, so it was predicted that 
microtemporal changes by increased rainfall might affect bird populations. The study began with 
little rain and dry habitats and finished with significantly more rain (Appendix IV) and habitats 
which had become much more lush (Appendix V). Series-specific data, collected by sections of 
four days each, was compared to amount of rain per series. Hours of rain, number of species 
identified, and number of individuals seen increased over time (Fig. 10). 
 
 
Figure 10. Per series (sets of four days each), the (A) number of bird species identified against hours of rain and (B) 
the number of individuals seen against hours of rain in Enashiva Nature Refuge, Tanzania in November 2011. 
 
Series-specific data was also collected by habitat. Number of species increased in both 
the grassland and woodland, remained relatively similar in the riverine habitat, and decreased 
slightly in the wooded grassland. Number of individuals increased in both the woodland and 
riverine habitats and remained relatively similar in the wooded grassland and grassland (Fig 11). 
 
 
Figure 11. Per series (sets of four days each) and divided by habitat, the (A) number of bird species identified 
against hours of rain and (B) the number of individuals seen against hours of rain in Enashiva Nature Refuge, 

































Series Number (Time) 




































Series Number (Time) 


























Series Number (Time) 
A 































Series Number (Time) 
B 
WG GL WL R Rain 
 16!
Focusing in on the potential microtemporal effects of increased rain, rain hours per day 
were compared to the average number of individuals seen per transect per day. Both rain hours 
and average number individuals seen per day increased over time (Fig. 12). 
 
 
Figure 12. Average number of individuals seen per transect per day against hours of rain per day in Enashiva Nature 
Refuge, Tanzania in November 2011. Averages calculated from total number of individuals seen in both morning 
and afternoon data collection sessions (error bars shown for full range between individuals seen/transect/day). 
 
Migrant Species 
 Number of migrant species identified and percentage within the full species count was 
calculated for all three studies. Spring 2011 had both the least number of migrant species and 
smallest percentage of migrant species to the greater community (Fig. 13a). Community 
similarity for migrants was calculated between each study: the two fall studies had the greatest 
similarity between its migrant communities, while Fall 2009 and Spring 2011 had the least. 
 
 
Figure 13. (A) Number of migrant species, ratio of avifauna community, and (B) similarity of migrant communities 
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As was predicted, habitat type influenced species richness and abundance. Although the 
greatest number of species was predicted to be identified in the riverine habitat because of 
possible resource advantages, the greatest number of species, 75 (Fig. 2a), was identified in the 
wooded grassland. This is likely because the wooded grassland provides an intermediate habitat 
with a range of resources from woodland to grassland. It is also very likely that the lack of 
permanent water in the tributary of the riverine habitat limited its potential resource advantages, 
which may explain why the second-fewest number of species, 63 (Fig. 2a), was identified there. 
The data collected implies that during the time of no reliable water source and not-yet-lush 
vegetation at Enashiva, many species prefer the wooded grassland over the riverine habitat. As 
was predicted, the lowest number of species, 57 (Fig. 2a), was identified in the grassland habitat. 
It is possible this is because fewer species have specialized to take advantage of the nonarboreal 
resources available in the grassland. 
It was predicted that the greatest number of individuals would be seen in the riverine 
habitat, but this was disproved with the most individuals, 1315 (Fig. 2b), seen in the woodland. 
This may be due to the large number of resources in the woodland; however, it is possible the 
data is skewed due to a group of 142 little swifts (Appendix II) seen during the final woodland 
transect. Although more species were seen in the wooded grassland than the riverine habitat, 
more individuals were seen in the riverine (1256) than in the wooded grassland (1109) (Fig 2b.). 
This suggests that although more species prefer the wooded grassland, there are more individuals 
present which prefer the riverine habitat. As was predicted as well, the fewest individuals (785) 
were seen in the grassland. This may again be due to limited resources, such as water and trees. 
 
Comparisons to Previous Studies (Figures 3-4) 
The number of species identified in each study is very similar: 122 in Fall 2009, 121 in 
Spring 2011, and 119 in Fall 2011 (Fig. 3a). However, these species came from a combined list 
of a total of 199 species (Appendix III), suggesting that although the species counts are similar 
between studies, full communities between each study may not be as similar as these numbers 
suggest. This may be due to seasonal differences between the Spring 2011 study to either fall 
study and temporal differences with accompanying factors such as regenerating forests due to a 
sizable amount of time (2 years) between the Fall 2009 and Fall 2011 studies. 
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Although the number of species identified per study is comparable from Fall 2009, 
Spring 2011, and Fall 2011, the number of individuals seen per study may not be. Data for 
individuals not species-identified (only family- or unidentified) is not available for Fall 2009, 
and only 45.2% (1452/2651) of individuals seen in Spring 2011 were species-identified, while 
83.8% (3741/4466) were in Fall 2011 (Fig. 3b). More than double the number of individuals 
(2.36 times and 3.12 times, respectively) were identified in Fall 2011 than in Fall 2009 or Spring 
2009 (Fig. 3b). 
It was predicted that more individuals would be seen in Fall 2011 than in Spring 2011, as 
Gottlieb hypothesized that a seasonal lack of migratory birds might have contributed to a lower 
total of individuals. (Gottlieb, 2011) However, seasonal and temporal reasons do not fully 
explain such a leap in individuals seen over time, ranging from 1585 individuals in Fall 2009 to 
almost triple (2.82 times) that amount, 4465, in Fall 2011 (Fig. 3b). It is possible that varying 
methodologies account for this stark contrast, as the Fall 2009 study divided each point-count 
circle into quarters, which were each viewed one at a time, and recorded what each bird was 
doing in addition to its species. There is no obvious explanation why the number of individuals 
increased almost twofold (1.68 times) from Spring 2011 to Fall 2011. It is possible the similar 
nearly-twofold increase (1.85 times) in percentage of birds species-identified to individuals seen 
is due to differing observer bird identification learning curves. 
As was found in the previous studies, habitat type has an influence on the number of 
species and individuals present in a given area (Fig. 2, Fig. 4). Habitat-specific comparisons were 
made between different studies to see if these differences were consistent over time. Both fall 
studies had the greatest number of species identified in the wooded grassland (64, 75), while the 
most (68) were identified in the riverine habitat in Spring 2011 (Fig. 4a). This can be explained 
by the lack of water in the riverine habitat during the fall studies, and a relatively similar amount 
of lush vegetation to the rest of Enashiva. In the Spring 2011 study, although the riverine also 
had no water, it was the greenest habitat of all four transects, potentially explaining why the most 
species were found there in that year. As in the Fall 2011 study, all studies experienced the 
fewest number of species (33 in Fall 2009, 43 in Spring 2011, and 57 in Fall 2011) in the 
grassland habitat (Fig. 4a). The smallest range of number of species between studies was 
identified in the riverine habitat (61, 61, 63), while the largest range of numbers of species 
between studies were identified in the wooded grassland (64, 49, 75) (Fig. 4a). This would imply 
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that a similar number of species occupy the riverine habitat between years and between seasons, 
while different numbers of species occupy the wooded grassland – most likely between seasons. 
However, while the species tallies themselves are similar, the species themselves differ and come 
from a larger total list (Appendix III). 
Habitat type also affected number of individuals seen between studies, but correlated 
more strongly with the contrasting number of total individuals seen per study (Fig. 4b). The 
greatest number of individuals (570) was identified in the wooded grassland in Fall 2009, while 
the greatest numbers of individuals were seen in the riverine habitat (807) in Spring 2011 and the 
woodland (1315) in Fall 2011 (Fig. 4b). This may be explained by a general preference for 
woodland in the fall season and riverine in the spring season. The Fall 2011 result may be outlier 
of this trend possibly due to the abnormal sighting of such a large group of little swifts in the 
final woodland transect, potentially causing this data to be less representative than it otherwise 
would be. However, without the group of little swifts factored into the data, the riverine habitat 
in Fall 2011 would still have had more individuals seen than the wooded grassland habitat. This 
may imply a changing preference over time, and not because of seasonality, of a greater number 
of individuals for the riverine habitat over the wooded grassland. The fewest number of 
individuals were seen in the grassland for all three studies (218, 409, 785) (Fig. 4b), which 
indicates this preference is not caused by temporal or seasonal changes. 
 
Community Similarity (Figures 5-7) 
 There was low community similarity between all four habitats, with no two habitats 
reaching over 50% similarity (Fig. 5). This further supports the conclusion that habitat 
preference is dependent on species type. It was predicted that the wooded grassland and the 
woodland would have the most similarity between avifauna communities, but Figure 5 shows 
that the woodland and riverine habitats had the most similarity (54.76%). This is most likely 
because both habitats had similar levels of dense, lush vegetation and were not wholly unalike in 
their makeup of tree populations. Unsurprisingly, as was hypothesized, the grassland had low 
levels of community similarity with both the woodland (28.87%) and riverine habitats (25.26%). 
However, it was expected that the grassland would have low similarity with all three habitats, 
whereas the grassland actually had a relatively high community similarity with the wooded 
grassland (46.67%). This can be explained by the wooded grassland’s status as an ecotone 
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habitat, the intermediate zone between the grassland and the adjacent woodlands. This also 
explains why the wooded grassland was the most similar to all the three habitats, with almost 
nondifferentiable variation (47.67%, 44.9%, 45.74%) (Fig. 5), potentially sharing many species 
because many of the biotic components of the grassland, the woodland, and the riverine habitat 
are present in the wooded grassland. 
 Community similarity was also calculated for entire avifauna communities (not divided 
by habitat) between studies. Due to seasonality, as discovered by Gottlieb, it was predicted that 
the two fall studies would have the most similar communities. This hypothesis held true, but 
results were not significant: Fall 2009 and Fall 2011 communities ranked with 47% similarity 
(compared to 38.9% (Fall 2009) and 43.7% (Fall 2011) similarity with the Spring 2011 study) 
(Fig. 6a). Most surprisingly was that no community, not even the two fall communities, ranked 
with even 50% similarity, suggesting that the Enashiva avifauna community is changing 
substantially both between seasons and over time. 
 Habitat-specific communities between studies also showed little similarity, with none 
reaching 50% similarity. The greatest variation between studies was found in the riverine habitat, 
with the lowest similarity (25.51%) of any habitat between the Fall 2009 and Spring 2011 
riverine communities, and the greatest similarity (41.38%) of any habitat between the Spring 
2011 and Fall 2011 riverine communities (Fig. 6b). There were also noticeable trends in the 
wooded grassland and the grassland, following that of the overall community comparisons, in 
which the two fall study communities had the greater similarity than either fall semester with 
Spring 2011. However, this trend was broken for both the woodland and the riverine habitats, in 
which similarity appeared to increase over time: for both habitats, the lowest similarity was 
found between the Fall 2009 and Spring 2011 communities, and the highest similarity was found 
between the Spring 2011 and Fall 2011 communities. 
 This split trend can be explained by both seasonality and temporal differences, differing 
by habitat. Because the greatest similarity was found between the two fall studies, with relatively 
lower, comparable levels of similarity found between each fall study with the Spring 2011 study, 
it is likely that the wooded grassland and grassland communities change with seasonality. This 
may be explained by a very strong correlation between seasonality (which determines amount of 
rain) and the quality of vegetation (which is greatly determined by rain) in those two habitats. 
However, because the greatest similarity was found in the two 2011 studies for both the 
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woodland and riverine habitats, it is possible that avifauna communities within these habitats are 
actually changing over time, and not just with seasonality. It is possible that this is due to the 
change within the woodland and riverine habitats themselves, caused by general regrowth of 
Enashiva woodlands now that it is no longer a cleared-land farm, and that this change has been 
pronounced enough that the avifauna community has begun to change in the past two years. 
 To further compare communities between studies, the number of species shared between 
studies was analyzed. As with community similarity, most likely due to seasonality, the greatest 
number of shared species (77) was between the two fall studies (Fig. 7a). The fewest species (68) 
were shared between the Fall 2009 and Spring 2011, which indicates a temporal affect 
accumulated over the 2 years between studies. This pattern and the likely causes were also 
reflected in the number of species that were unique to only two studies: there were 22 species 
found in both fall studies that were not found in the Spring 2011 study, with only 13 species 
found only between the Fall 2009 and Spring 2011 study and 18 species found only between the 
Spring 2011 and Fall 2011 study (Fig. 7b). A similar pattern was also seen how many species 
were unique to a single study, with Spring 2011 having the most species (35) unique only to that 
study (Fig. 7c). This, again, is explained by seasonality: different birds are present for different 
seasons, either fall or spring, caused in great part by the movement of migratory species. 
 
Indices of Diversity (Figures 8-9) 
Levels of diversity were assessed with values from both Simpson and Shannon-Wiener 
indices of diversity. The Simpson diversity index, which ranks from 0 (low diversity) to 1 (high 
diversity), reflects the probability that two randomly selected individuals in a given area will 
belong to the same species. Simpson values for Fall 2011 data demonstrated that all habitats as 
well as the overall community of Enashiva had noticeably high diversity, ranging from .885 (GL) 
to .949 (overall) (Fig. 8). To highlight possible discrepancies between different biostatistical 
analyses of “diversity,” this was compared to the Shannon-Wiener index of diversity. Ranking 
from 1.5 (low diversity) to 3.5 (high diversity) with outlying values possible, the Shannon-
Weiner index assesses diversity through species richness and evenness. Shannon-Weiner values 
for Fall 2011 data were also high, indicating that all habitats and the overall community 
demonstrated very high levels of diversity ranging from 2.93 (GL) to 3.68 (overall) (Fig. 8). 
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It was predicted that the highest level of diversity in a single habitat would be found in 
the riverine habitat because a greater number of species and individuals might be attracted to the 
potential water source. This was disproved with both the Simpson and Shannon-Wiener diversity 
indices, with highest habitat-specific values occurring in the wooded grassland (.94, 3.45) (Fig. 
8). Likely this is due to the same reasons the wooded grassland had the most species and was 
most similar to other habitats: it encompasses factors of the other habitats, which may draw a 
larger number and more evenly-distributed variety of species. 
Habitat-specific and overall Shannon-Weiner values were compared between studies. 
Between overall communities, data seemed to indicate that the Spring 2011 community was 
substantially less diverse (2.7) than the Fall 2011 community (3.68), but this is largely because 
50.0% (1327/2651) of individuals were unidentified in Spring 2011 (against the much smaller 
12.6% (563/4466) of Fall 2011), and as this is calculated into the overall Shannon-Wiener value. 
Unfortunately overall community diversity could not be calculated for the Fall 2009 study, as 
full raw data was not available. Between habitats, for both the Fall 2009 and Spring 2011 studies, 
the riverine habitat ranked slightly more most diverse (3.39, 3.41) than the wooded grassland 
(3.33, 3.38), whereas the wooded grassland was noticeably more diverse (3.45) than the riverine 
(3.27) in Fall 2011. The wooded grassland is the only habitat that exhibited an increase over time 
in diversity, where the grassland and woodland each experienced seasonal fluctuation with lower 
and comparable diversity in the fall studies and higher diversity in the Spring 2011 study. The 
riverine habitat somewhat followed this seasonal trend, but seems primarily to have decreased 
slightly in Fall 2011. It is likely these trends are both seasonal, with the he grassland and 
woodland exhibiting higher diversity in the spring, and temporal, with the wooded grassland 
becoming slightly more diverse and the riverine potentially less diverse over time. 
 
Microtemporal Changes: The Onset of the Short Rainy Season (Figures 10-12) 
Although this study was done within a small time frame, it was predicted that species and 
individuals would increase as time progressed if rain increased with the onset of the short rainy 
season. Approximate rain hours were calculated for each day (Appendix V) and then compared 
with avifauna data. When divided by series (sections of four days each), there was a strong 
correlation between rain hours per series and number of species identified per series (Fig. 10a) as 
well as with rain hours and individuals seen per series (Fig. 10b). This supports the hypothesis, 
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as with the increase in rain correlated an increase in both species and individuals. Data also 
suggests that this trend even applied to decreased amounts of rain, as for with the dip in rain 
hours in Series 2 came a dip in both species and individual counts (Fig. 10). When divided by 
habitat, it appears that both species and individuals still correlate roughly with rain hours; most 
habitats experienced a dip in species and individuals in Series 2 and increased with time. The 
woodland was most correlated to rain, increasing substantially (as with rain) toward the end of 
the study. The riverine habitat experienced a similar increase in number of individuals seen. This 
is likely because both the woodland and riverine habitats consist of vegetation that reacted fairly 
quickly to the increased rainfall, as both were seen to be very lush by the end of the study. 
Contrastingly, the wooded grassland experienced a slight dip in both species and individuals in 
Series 4, indicating unavoidable external factors in what affects bird-precipitation relationships, 
potentially specific to the unique composition of the wooded grassland, which is composed of 
young acacia which are not as quick to react to an increase in rainfall. 
To further examine the relationship between pure bird abundance and precipitation, 
average individuals seen per day (between morning and afternoon transects) was graphed against 
rain hours per day. It is evident that there is still a strong correlation between avifauna abundance 
and rain hours, as the individuals seen seemed even to correlate with the minor fluctuations in 
rain hours. The linear progression for both birds seen per day over time and rain hours per day 
over time were both positive trends (Fig. 12). This strong correlation is due to avifauna 
sensitivity to precipitation, particularly seasonal. Migrant birds, which move seasonally for the 
necessary resources depending on the time of year, are particularly responsive to these changes 
in precipitation. 
 
Migrant Species (Figure 13) 
In association with the prediction about species richness and abundance with increased 
rainfall, it was predicted that there would be migrant species present if the short rains came. It 
was also predicted that similar migrants from the Fall 2009 study would be present in the Fall 
2011 study, different from potential migrants present in the Spring 2011 study due to seasonal 
avifauna migrations. Fourteen migrant species were present in the overall Fall 2011 study, 
11.77% (14/119) of the overall community (Fig. 13a). This was compared to the migrant species 
of the previous two studies: 13 species (10.66% of the overall community, 13/122) were present 
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in Fall 2009, and 9 (7.44%, 9/121) in Spring 2011, reflecting the predicted seasonal differences 
in migrants present. Community similarity was then calculated between the migrant species 
communities of each study. With the same seasonal trend, it was discovered that the migrant 
communities between Fall 2009 and Fall 2011 were 50% similar, while Fall 2009 and Spring 
2011 were only 22% similar and Spring 2011 and Fall 2011 were 35% similar. This further 
supports seasonal fluctuations in overall communities; with migrant presence or absence, 
dependent largely on time of year, the overall avifauna community of Enashiva is comprised of 
different species and individuals. 
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LIMITS AND RECOMMENDATIONS 
 
Methodological: 
Transects were found originally with a GPS reader, but measured out everyday only by 
counting pre-measured paces. Although each spot became familiar as the study progressed, it is 
possible there was some slight variation of the precise point-count locations, particularly in the 
grassland where paces were required each time due to no discernible difference in the landscape. 
To make certain of the precise transect locations, it would be advisable to repeat this study with 
access to a GPS reader during each data collection session, and mark points P1-P5 (not just P1). 
Because the grassland transect began at the edge of a wooded grassland and included 
some wooded grassland within P1, certain birds were recorded which I was not fully convinced 
should be considered grassland-present species. If this study is repeated, the grassland transect 
should be shifted at least 50m farther into the non-wooded grassland. This solution should also 
be applied to the riverine habitat: after Ian Mallams completed the preliminary stages of GPS 
mapping, we realized that the previously established riverine transect that I was using was, in 
fact, not actually within the borders of Enashiva. This transect should be moved inside of 
Enashiva, and potentially to a riverine habitat with a more permanent water source. 
While I found that my morning data collection session was timed very well (when birds 
were very active), I found that the afternoon session was much less fruitful in during P5, the final 
point-count period; I suggest that the afternoon session is moved a half hour earlier, to 3:30-
6:00pm. In the actual counting of birds, it is certain that allowing myself to move within 15m of 
the center point affected my data, and potentially explains the reason for the stark increase in 
number of individual birds seen between the Fall 2009 and Spring 2011 study.  
 
Observational: 
To avoid double-counting individual birds, I tried to roughly keep track of all of the birds 
I observed in my plot-count area, so that if an individual flew from one tree across my plot to a 
new tree, I would know where it had flown from and know not to double-count it. However, this 
may have biased my data, and I was also aware of which birds would likely be found solo, in 
pairs, or in groups; it is less likely that I double-counted birds found in pairs (because of their 
species, such as purple grenadiers) since they were easier to keep track of, while there was no 
way to be certain about grouped birds (such as Hildebrandt’s starlings), which may have more 
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likely been double-counted. I also used birdcalls to identify different individuals, but decided 
only to record such an individual if I could locate it, such as hear a ring-necked dove from within 
the interior of a specific tree in my point-count spot; however, this may have also had an impact 
on double-counting, either positively or negatively. I also had some frustration counting birds of 
prey: if a single bird of prey, such as the black-chested snake-eagle which frequented the 
woodland transect, was seen in two different point-count spots, it was counted twice. I felt the 
bias would be larger were I to change the methodology just for predatory birds, but this still 
affected my abundance-counts data. 
It must be noted that I am in no way a professional birder, and that (on a noticeable 
learning curve) I improved at birding as the study progressed. Also, birds fly very rapidly on 
occasion, and even with the birding skills I had it was difficult to identify small brown blurrs 
which whizzed in and out of my transect within moments. There were also potential shifts in 
identifying/noticing birds depending on my askaris, who unfortunately had to switch often: some 
askaris would help point out birds to me, while some would just wait patiently, and even one 
would tell me what he believed the species of a bird was. Actual bird presence certainly 
fluctuated when my askari occasionally answered his phone, or a Maasai maurani brought his 
large herd of cattle or goats to graze within the data collection transect. 
 
Other Limitations/Recommendations: 
Generally, the study time frame was much too short to make sweeping generalizations 
about either seasonality or temporal changes. Even more specifically, three weeks was not nearly 
enough time to examine the microtemporal changes of the onset of the short rainy season in a 
thorough capacity; if at all possible, it would be beneficial to repeat this study and look at 
avifauna presence over the span of many weeks as the rainy season begins, progresses, and ends. 
To further support the evidence for seasonal fluctuations, it would certainly be helpful if this 
study were repeated again during a spring semester. 
And although knowledge avifauna species richness and abundance is vital, particularly to 
assessing the health of bird communities and their greater ecosystems, “perhaps the widest 
frontier for fieldwork in African conservation ornithology is at a behavioral level.” (Brooks) A 
species-specific behavioral study, such as the duet politics between Usambiro barbets, could 





This study found both seasonal and temporal changes in the avifauna of Enashiva Nature 
Refuge. Habitat-specific differences were also noticeable. For this study, the wooded grassland 
had the most species and the grassland had the fewest. The woodland had the greatest number of 
individuals seen, while the grassland had the fewest. Compared to previous studies (Kim, Fall 
2009, and Gottlieb, Spring 2011), roughly the same number of species were seen across studies. 
However, a very different number of individuals were seen in each study, increasing over time; 
this may be due to methodological and observer differences, and not actual fluctuations in avian 
abundance. Over time, there have been fluctuations in these habitat differences: Fall 2009 
showed similar species richness and abundance by habitat, while Spring 2011 had the most 
species and individuals in the riverine habitat; this is likely due to a seasonal difference, during 
which the riverine habitat has the most lush vegetation. 
Community similarity was calculated between habitats in the Fall 2011 study. It was 
found that riverine and woodland were the most similar, and grassland and riverine were the least 
similar, due to different resources available. The wooded grassland was the overall most similar 
to overall habitats, because it is an intermediate habitat encompassing elements from other 
habitats and therefore a larger array of ecological niches. The grassland had the least similarity 
with other habitats because of its specific ecological composition, different from other habitats. 
Between studies, the two fall studies were the most similar. This reflects a seasonal 
fluctuation in the communities present at Enashiva, which are most similar during the same 
season. This seasonal trend followed for both wooded grassland and grassland; however, for both 
woodland and riverine, the 2011 studies were most similar, implying a temporal trend changing 
over time, and not seasonally. This may be because the woodlands of Enashiva are expanding 
fairly quickly, and communities are changing with its growth. Seasonality was further reflected 
in the most number of species shared between the two fall studies and unique to the spring study. 
All habitats and the overall community of Enashiva ranked with relatively high diversity 
for both Simpson and Shannon-Weiner indices of diversity, with the overall community being 
the most diverse and the grassland being the least. Between studies, the Fall 2009 riverine was 
most diverse, the Spring 2011 woodland, and the Fall 2011 wooded grassland were most diverse, 
indicating differences in species evenness by year and season. Unfortunately there was no data 
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for Fall 2009 to calculate overall diversity, and Spring 2011 overall diversity is skewed by more 
50% unidentified individuals, so comparisons can not be drawn to the Fall 2011 study.  
 With the onset of the short rainy season, rain hours increased each day. With this increase 
of rain correlated an increase of both number of species identified and number of individuals 
seen. When this was divided by habitat, this trend was still present. When divided by day, the 
data shows slight but correlated fluctuations in both individuals seen and rain hours per day, with 
both increasing overall as the study progressed. 
 In looking at the migrants found in Fall 2011, roughly one out of every ten species 
identified was a migrant and not resident to Enashiva. This percentage was very similar for both 
the Fall 2009 and Spring 2011 studies; however, when comparing the actual migrant 
communities themselves, it was found that differences did occur. Although only 50% similar, the 
two fall communities were most similar, while the spring migrant community had no strong 
similarity to either fall study. This shows another seasonal trend, with similar migrants present at 
Enashiva in the fall season. 
 As the savanna ecosystem is dymanic and constantly changing, influenced by rainy and 
dry seasona and inhabited by a wide array of flora and fauna in delicate balance, it follows that 
avifauna populations fluctuate with their changing environments. Caused both by seasonal rains 
and the changing ecosystem (including the encroachment of woodlands) with the progression of 
time, both the avifauna overall and habitat-specific communities have experienced seasonal and 
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Bird Study Transect Locations: 
 
Wooded Grassland: P1 @ S 1° 55.526’ E 35° 31.734’ 
transect follows parallel to road NE  
 
Grassland: P1 @ S 1° 55.859’ E 35° 32.207’ 
transect continues due S 
 
   Woodland: P1 @ S 1° 55.801’ E 35° 31.378’ 
 transect continues due W 
 
   Riverine: P1 @ S 1° 56.305’ E 35° 31.217’ 
 transect follows riverbed W 
Appendix II. Fall 2011 Raw Data by Series and Habiat
Species (common name) WG GL WL R overall Species (common name) WG GL WL R overall Species (common name) WG GL WL R overall Species (common name) WG GL WL R overall Species (common name) WG GL WL R totals
1 Apalis, Yellow-breasted 1 1 1 1 1 Apalis, Yellow-breasted 1 1 1 Apalis, Yellow-breasted 5 1 2 1 1 Apalis, Yellow-breasted 9 3 4 1 1 Apalis, Yellow-breasted 16 1 4 7 28
2 Barbet, Red-fronted 2 10 2 1 2 Barbet, Red-fronted 5 11 3 1 2 Barbet, Red-fronted 1 13 3 1 2 Barbet, Red-fronted 9 4 1 2 Barbet, Red-fronted 8 43 12 63
3 Barbet, Usambiro 5 2 14 1 3 Barbet, Usambiro 5 3 3 14 1 3 Barbet, Usambiro 11 1 5 22 1 3 Barbet, Usambiro 8 2 6 22 1 3 Barbet, Usambiro 29 8 14 72 123
4 Batis, Chin-spot 4 2 7 1 4 Batis, Chin-spot 7 2 3 1 4 Batis, Chin-spot 7 2 1 4 Batis, Chin-spot 1 8 1 4 Batis, Chin-spot 12 19 12 43
5 Blackcap* 5 Blackcap* 5 Blackcap* 1 1 5 Blackcap* 5 Blackcap* 1 1
6 Boubou, Slate-coloured 11 27 17 1 6 Boubou, Slate-coloured 5 6 9 1 6 Boubou, Slate-coloured 7 8 10 1 6 Boubou, Slate-coloured 3 19 15 1 6 Boubou, Slate-coloured 26 60 51 137
7 Brubru 1 1 4 1 7 Brubru 1 1 7 Brubru 7 Brubru 1 1 7 Brubru 2 2 4 8
8 Bulbul, Common 14 8 1 8 Bulbul, Common 2 9 2 1 8 Bulbul, Common 1 19 11 1 8 Bulbul, Common 2 17 8 1 8 Bulbul, Common 5 59 29 93
9 Bunting, African Golden-breasted 9 Bunting, African Golden-breasted 9 Bunting, African Golden-breasted 9 Bunting, African Golden-breasted 1 1 9 Bunting, African Golden-breasted 1 1 2
10 Bustard, Kori 1 1 10 Bustard, Kori 10 Bustard, Kori 10 Bustard, Kori 10 Bustard, Kori 1 1
11 Bustard, White-bellied 3 1 11 Bustard, White-bellied 11 Bustard, White-bellied 11 Bustard, White-bellied 4 1 11 Bustard, White-bellied 3 4 7
12 Buzzard, Augur 1 1 12 Buzzard, Augur 12 Buzzard, Augur 1 1 12 Buzzard, Augur 12 Buzzard, Augur 2 2
13 Camaroptera, Grey-backed 4 1 3 1 13 Camaroptera, Grey-backed 1 1 13 Camaroptera, Grey-backed 1 2 1 13 Camaroptera, Grey-backed 3 6 1 13 Camaroptera, Grey-backed 6 1 6 8 21
14 Canary, White-bellied 15 6 6 36 1 14 Canary, White-bellied 11 4 12 1 14 Canary, White-bellied 12 3 8 16 1 14 Canary, White-bellied 6 2 7 1 14 Canary, White-bellied 44 9 20 71 144
15 Canary, Yellow-fronted 4 4 7 13 1 15 Canary, Yellow-fronted 15 3 5 17 1 15 Canary, Yellow-fronted 7 10 18 1 15 Canary, Yellow-fronted 7 12 16 1 15 Canary, Yellow-fronted 33 7 34 64 138
16 Cisticola, Ashy 1 2 1 16 Cisticola, Ashy 16 Cisticola, Ashy 1 1 16 Cisticola, Ashy 2 1 16 Cisticola, Ashy 2 2 2 6
17 Cisticola, Rattling 4 1 1 1 17 Cisticola, Rattling 7 6 1 17 Cisticola, Rattling 2 2 1 17 Cisticola, Rattling 7 1 5 1 17 Cisticola, Rattling 20 1 7 8 36
18 Cisticola, Winding 18 Cisticola, Winding 18 Cisticola, Winding 1 1 18 Cisticola, Winding 18 Cisticola, Winding 1 1
19 Cordon-bleu, Red-cheeked 3 1 1 19 Cordon-bleu, Red-cheeked 19 Cordon-bleu, Red-cheeked 2 1 19 Cordon-bleu, Red-cheeked 2 1 1 1 19 Cordon-bleu, Red-cheeked 5 3 2 10
20 Courser, Temminck's 20 Courser, Temminck's 7 1 20 Courser, Temminck's 20 Courser, Temminck's 6 1 20 Courser, Temminck's 13 13
21 Courser, Two-banded 21 Courser, Two-banded 2 1 21 Courser, Two-banded 3 18 1 21 Courser, Two-banded 2 1 21 Courser, Two-banded 3 22 25
22 Crombec, Northern 1 1 2 1 22 Crombec, Northern 1 1 1 22 Crombec, Northern 1 1 1 22 Crombec, Northern 2 1 22 Crombec, Northern 2 2 5 1 10
23 Crombec, Red-faced 23 Crombec, Red-faced 1 1 23 Crombec, Red-faced 23 Crombec, Red-faced 2 1 23 Crombec, Red-faced 2 1 3
24 Cuckoo, Klaas's 24 Cuckoo, Klaas's 24 Cuckoo, Klaas's 2 1 24 Cuckoo, Klaas's 1 1 24 Cuckoo, Klaas's 2 1 3
25 Dove, Laughing 25 Dove, Laughing 25 Dove, Laughing 1 1 25 Dove, Laughing 1 1 1 25 Dove, Laughing 2 1 3
26 Dove, Red-eyed 1 1 26 Dove, Red-eyed 26 Dove, Red-eyed 26 Dove, Red-eyed 1 2 1 26 Dove, Red-eyed 1 1 2 4
27 Dove, Ring-necked 14 3 14 7 1 27 Dove, Ring-necked 9 4 36 16 1 27 Dove, Ring-necked 18 6 31 16 1 27 Dove, Ring-necked 17 5 19 17 1 27 Dove, Ring-necked 58 18 100 56 232
28 Drongo, Fork-tailed 4 12 3 1 28 Drongo, Fork-tailed 1 1 28 Drongo, Fork-tailed 2 1 28 Drongo, Fork-tailed 3 1 28 Drongo, Fork-tailed 6 15 4 25
29 Eagle-Owl, Spotted 29 Eagle-Owl, Spotted 29 Eagle-Owl, Spotted 2 1 29 Eagle-Owl, Spotted 29 Eagle-Owl, Spotted 2 2
30 Eagle, Lesser Spotted* 30 Eagle, Lesser Spotted* 30 Eagle, Lesser Spotted* 1 1 30 Eagle, Lesser Spotted* 30 Eagle, Lesser Spotted* 1 1
31 Eagle, Martial 31 Eagle, Martial 31 Eagle, Martial 31 Eagle, Martial 1 1 31 Eagle, Martial 1 1
32 Eagle, Steppe* 32 Eagle, Steppe* 32 Eagle, Steppe* 2 1 32 Eagle, Steppe* 32 Eagle, Steppe* 2 2
33 Eagle, Tawny 1 4 1 1 33 Eagle, Tawny 3 1 33 Eagle, Tawny 1 1 33 Eagle, Tawny 1 1 33 Eagle, Tawny 6 4 1 11
34 Eremomela, Yellow-bellied 1 1 34 Eremomela, Yellow-bellied 2 1 34 Eremomela, Yellow-bellied 2 1 34 Eremomela, Yellow-bellied 3 2 1 1 34 Eremomela, Yellow-bellied 5 2 4 11
35 Flycatcher, African Dusky 1 1 1 35 Flycatcher, African Dusky 2 1 35 Flycatcher, African Dusky 1 1 35 Flycatcher, African Dusky 1 1 35 Flycatcher, African Dusky 2 1 3 6
36 Flycatcher, African Grey 10 14 1 36 Flycatcher, African Grey 9 1 4 6 1 36 Flycatcher, African Grey 11 2 5 7 1 36 Flycatcher, African Grey 3 3 4 18 1 36 Flycatcher, African Grey 33 6 13 45 97
37 Flycatcher, Ashy 14 2 1 1 37 Flycatcher, Ashy 1 1 37 Flycatcher, Ashy 3 1 37 Flycatcher, Ashy 1 1 3 1 37 Flycatcher, Ashy 18 1 3 4 26
38 Flycatcher, Northern Black 38 Flycatcher, Northern Black 38 Flycatcher, Northern Black 1 1 38 Flycatcher, Northern Black 38 Flycatcher, Northern Black 1 1
39 Flycatcher, Pale 3 1 39 Flycatcher, Pale 1 1 1 1 39 Flycatcher, Pale 5 1 1 2 1 39 Flycatcher, Pale 2 3 1 39 Flycatcher, Pale 7 2 2 9 20
40 Flycatcher, Spotted* 4 1 40 Flycatcher, Spotted* 40 Flycatcher, Spotted* 40 Flycatcher, Spotted* 40 Flycatcher, Spotted* 4 4
41 Francolin, Coqui 41 Francolin, Coqui 41 Francolin, Coqui 1 1 41 Francolin, Coqui 1 1 41 Francolin, Coqui 2 2
42 Francolin, Hildebrandt's 42 Francolin, Hildebrandt's 2 1 42 Francolin, Hildebrandt's 2 1 42 Francolin, Hildebrandt's 42 Francolin, Hildebrandt's 4 4
43 Go-away-bird, Bare-faced 43 Go-away-bird, Bare-faced 7 1 43 Go-away-bird, Bare-faced 1 1 43 Go-away-bird, Bare-faced 43 Go-away-bird, Bare-faced 8 8
44 Goshawk, Gabar 1 1 44 Goshawk, Gabar 44 Goshawk, Gabar 44 Goshawk, Gabar 44 Goshawk, Gabar 1 1
45 Grenadier, Purple 8 2 7 1 45 Grenadier, Purple 11 5 1 45 Grenadier, Purple 12 3 4 1 45 Grenadier, Purple 9 2 8 1 45 Grenadier, Purple 40 12 19 71
46 Grosbeak-Canary, Southern 1 1 3 1 46 Grosbeak-Canary, Southern 2 7 1 46 Grosbeak-Canary, Southern 1 4 7 1 46 Grosbeak-Canary, Southern 4 1 6 9 1 46 Grosbeak-Canary, Southern 6 1 13 26 46
47 Guineafowl, Helmeted 2 18 1 47 Guineafowl, Helmeted 4 1 1 47 Guineafowl, Helmeted 1 4 1 47 Guineafowl, Helmeted 3 1 47 Guineafowl, Helmeted 5 7 21 33
48 Harrier-Hawk, African 48 Harrier-Hawk, African 1 1 48 Harrier-Hawk, African 48 Harrier-Hawk, African 48 Harrier-Hawk, African 1 1
49 Harrier, Eurasian Marsh* 1 1 49 Harrier, Eurasian Marsh* 2 1 49 Harrier, Eurasian Marsh* 2 1 49 Harrier, Eurasian Marsh* 49 Harrier, Eurasian Marsh* 5 5
50 Harrier, Pallid* 3 1 50 Harrier, Pallid* 1 1 1 50 Harrier, Pallid* 3 1 50 Harrier, Pallid* 1 1 1 50 Harrier, Pallid* 2 8 10
51 Honeyguide, Greater 3 1 51 Honeyguide, Greater 51 Honeyguide, Greater 51 Honeyguide, Greater 1 1 51 Honeyguide, Greater 4 4
52 Hoopoe, African 1 1 1 52 Hoopoe, African 3 1 52 Hoopoe, African 1 1 52 Hoopoe, African 3 1 52 Hoopoe, African 5 4 9
53 Hornbill, Von der Decken's 6 6 1 53 Hornbill, Von der Decken's 2 1 2 1 53 Hornbill, Von der Decken's 3 3 1 1 53 Hornbill, Von der Decken's 1 1 53 Hornbill, Von der Decken's 11 4 10 25
54 Kestrel, Grey 54 Kestrel, Grey 54 Kestrel, Grey 54 Kestrel, Grey 1 1 54 Kestrel, Grey 1 1
55 Kestrel, Lesser* 55 Kestrel, Lesser* 3 1 1 55 Kestrel, Lesser* 3 1 55 Kestrel, Lesser* 55 Kestrel, Lesser* 3 3 1 7
56 Kite, Black-shouldered* 2 1 56 Kite, Black-shouldered* 1 1 56 Kite, Black-shouldered* 2 1 1 56 Kite, Black-shouldered* 1 2 1 56 Kite, Black-shouldered* 6 2 1 9
57 Lapwing, Crowned 55 1 57 Lapwing, Crowned 2 69 1 57 Lapwing, Crowned 39 1 57 Lapwing, Crowned 34 1 57 Lapwing, Crowned 2 197 199
58 Lark, Fawn-coloured 58 Lark, Fawn-coloured 58 Lark, Fawn-coloured 1 1 58 Lark, Fawn-coloured 5 1 58 Lark, Fawn-coloured 6 6
59 Lark, Red-capped 18 1 59 Lark, Red-capped 3 1 59 Lark, Red-capped 2 1 59 Lark, Red-capped 5 1 59 Lark, Red-capped 28 28
60 Lark, Rufous-naped 2 1 60 Lark, Rufous-naped 60 Lark, Rufous-naped 60 Lark, Rufous-naped 3 3 1 60 Lark, Rufous-naped 3 5 8
61 Longclaw, Yellow-throated 61 Longclaw, Yellow-throated 61 Longclaw, Yellow-throated 61 Longclaw, Yellow-throated 1 1 61 Longclaw, Yellow-throated 1 1
62 Martin, Common House* 62 Martin, Common House* 62 Martin, Common House* 1 1 62 Martin, Common House* 62 Martin, Common House* 1 1
63 Mousebird, Blue-naped 63 Mousebird, Blue-naped 3 1 63 Mousebird, Blue-naped 63 Mousebird, Blue-naped 63 Mousebird, Blue-naped 3 3
64 Mousebird, Speckled 9 1 1 64 Mousebird, Speckled 1 1 64 Mousebird, Speckled 64 Mousebird, Speckled 64 Mousebird, Speckled 1 9 1 11
65 Oriole, African Black-headed 1 3 1 65 Oriole, African Black-headed 65 Oriole, African Black-headed 4 1 1 65 Oriole, African Black-headed 1 1 1 65 Oriole, African Black-headed 2 8 1 11
66 Ostrich, Common 1 1 66 Ostrich, Common 1 5 1 66 Ostrich, Common 1 2 1 66 Ostrich, Common 66 Ostrich, Common 2 8 10
67 Paradise-flycatcher, African 67 Paradise-flycatcher, African 4 1 67 Paradise-flycatcher, African 67 Paradise-flycatcher, African 67 Paradise-flycatcher, African 4 4
68 Parisoma, Banded 68 Parisoma, Banded 68 Parisoma, Banded 1 1 68 Parisoma, Banded 68 Parisoma, Banded 1 1
69 Petronia, Yellow-spotted 69 Petronia, Yellow-spotted 69 Petronia, Yellow-spotted 69 Petronia, Yellow-spotted 4 1 69 Petronia, Yellow-spotted 4 4
70 Pigeon, Olive 70 Pigeon, Olive 70 Pigeon, Olive 1 1 70 Pigeon, Olive 70 Pigeon, Olive 1 1
71 Pipit, Grassland 1 1 71 Pipit, Grassland 1 3 1 71 Pipit, Grassland 4 1 71 Pipit, Grassland 4 1 71 Pipit, Grassland 2 11 13
72 Pytilia, Green-winged 2 1 72 Pytilia, Green-winged 1 1 72 Pytilia, Green-winged 2 1 72 Pytilia, Green-winged 2 1 72 Pytilia, Green-winged 5 2 7
73 Quelea, Red-billed 73 Quelea, Red-billed 73 Quelea, Red-billed 73 Quelea, Red-billed 3 1 73 Quelea, Red-billed 3 3
74 Robin-Chat, Cape 6 1 74 Robin-Chat, Cape 4 1 74 Robin-Chat, Cape 2 1 74 Robin-Chat, Cape 10 1 74 Robin-Chat, Cape 22 22
75 Roller, Lilac-breasted 3 1 75 Roller, Lilac-breasted 3 1 75 Roller, Lilac-breasted 7 1 75 Roller, Lilac-breasted 7 1 75 Roller, Lilac-breasted 20 20
76 Saw-wing, Black 76 Saw-wing, Black 76 Saw-wing, Black 1 7 1 76 Saw-wing, Black 76 Saw-wing, Black 1 7 8
77 Scimitarbill, Abyssinian 2 4 4 1 77 Scimitarbill, Abyssinian 2 10 6 1 77 Scimitarbill, Abyssinian 6 12 6 1 77 Scimitarbill, Abyssinian 3 2 12 2 1 77 Scimitarbill, Abyssinian 13 2 38 18 71
78 Scrub-Robin, White-browed 1 2 1 78 Scrub-Robin, White-browed 1 1 1 78 Scrub-Robin, White-browed 78 Scrub-Robin, White-browed 1 1 1 1 78 Scrub-Robin, White-browed 1 3 4 8
79 Secretary Bird 79 Secretary Bird 79 Secretary Bird 3 1 79 Secretary Bird 79 Secretary Bird 3 3
80 Seedeater, Streaky 80 Seedeater, Streaky 2 3 1 80 Seedeater, Streaky 1 1 80 Seedeater, Streaky 1 1 1 80 Seedeater, Streaky 4 4 8
81 Seedeater, Yellow-rumped 81 Seedeater, Yellow-rumped 81 Seedeater, Yellow-rumped 81 Seedeater, Yellow-rumped 2 5 2 1 81 Seedeater, Yellow-rumped 2 5 2 9
82 Shrike, Northern White-crowned 7 1 82 Shrike, Northern White-crowned 3 1 82 Shrike, Northern White-crowned 17 1 82 Shrike, Northern White-crowned 4 1 82 Shrike, Northern White-crowned 31 31
83 Snake-Eagle, Black-chested 3 1 83 Snake-Eagle, Black-chested 1 3 1 83 Snake-Eagle, Black-chested 1 4 1 1 83 Snake-Eagle, Black-chested 5 1 83 Snake-Eagle, Black-chested 2 15 1 18
84 Sparrow, House 21 4 2 3 1 84 Sparrow, House 18 1 1 84 Sparrow, House 5 1 1 84 Sparrow, House 1 1 1 1 84 Sparrow, House 45 5 4 4 58
85 Sparrow, Rufous 2 1 1 85 Sparrow, Rufous 5 3 1 85 Sparrow, Rufous 12 2 1 1 85 Sparrow, Rufous 18 2 1 1 85 Sparrow, Rufous 37 2 2 6 47
86 Sparrow, Swahili 86 Sparrow, Swahili 4 3 1 86 Sparrow, Swahili 2 1 86 Sparrow, Swahili 2 1 4 1 86 Sparrow, Swahili 6 4 6 16
87 Sparrowhawk, Little 87 Sparrowhawk, Little 87 Sparrowhawk, Little 87 Sparrowhawk, Little 1 1 87 Sparrowhawk, Little 1 1
88 Sparrowhawk, Rufous-breasted 1 1 88 Sparrowhawk, Rufous-breasted 88 Sparrowhawk, Rufous-breasted 1 1 88 Sparrowhawk, Rufous-breasted 2 1 88 Sparrowhawk, Rufous-breasted 4 4
89 Spurfowl, Red-necked 1 3 1 89 Spurfowl, Red-necked 89 Spurfowl, Red-necked 89 Spurfowl, Red-necked 89 Spurfowl, Red-necked 1 3 4
90 Starling, Greater Blue-eared 18 1 90 Starling, Greater Blue-eared 2 1 90 Starling, Greater Blue-eared 1 10 1 90 Starling, Greater Blue-eared 23 1 90 Starling, Greater Blue-eared 1 53 54
91 Starling, Hildebrandt's 34 17 69 44 1 91 Starling, Hildebrandt's 20 6 68 33 1 91 Starling, Hildebrandt's 20 11 87 56 1 91 Starling, Hildebrandt's 20 13 55 54 1 91 Starling, Hildebrandt's 94 47 279 187 607
92 Starling, Superb 51 8 5 1 1 92 Starling, Superb 46 10 2 1 92 Starling, Superb 52 8 2 1 92 Starling, Superb 46 10 1 92 Starling, Superb 195 36 9 1 241
93 Starling, Violet-backed 93 Starling, Violet-backed 2 2 1 93 Starling, Violet-backed 93 Starling, Violet-backed 2 1 93 Starling, Violet-backed 4 2 6
94 Sunbird, Bronze 94 Sunbird, Bronze 94 Sunbird, Bronze 1 1 94 Sunbird, Bronze 94 Sunbird, Bronze 1 1
95 Sunbird, Marico 3 4 1 95 Sunbird, Marico 6 4 1 95 Sunbird, Marico 5 8 10 1 95 Sunbird, Marico 3 3 2 1 95 Sunbird, Marico 8 20 20 48
96 Sunbird, Scarlet-chested 1 3 1 96 Sunbird, Scarlet-chested 96 Sunbird, Scarlet-chested 4 6 1 96 Sunbird, Scarlet-chested 1 1 96 Sunbird, Scarlet-chested 5 10 15
97 Sunbird, Variable 6 8 12 1 97 Sunbird, Variable 5 9 24 1 97 Sunbird, Variable 4 24 1 97 Sunbird, Variable 2 3 26 1 97 Sunbird, Variable 13 24 86 123
98 Swallow, Barn* 98 Swallow, Barn* 1 1 98 Swallow, Barn* 98 Swallow, Barn* 98 Swallow, Barn* 1 1
99 Swallow, Grey-rumped* 29 1 99 Swallow, Grey-rumped* 1 1 1 1 99 Swallow, Grey-rumped* 99 Swallow, Grey-rumped* 3 1 99 Swallow, Grey-rumped* 1 4 29 1 35
100 Swift, Eurasian* 5 1 100 Swift, Eurasian* 100 Swift, Eurasian* 100 Swift, Eurasian* 100 Swift, Eurasian* 5 5
101 Swift, Little 3 1 1 101 Swift, Little 1 1 101 Swift, Little 101 Swift, Little 142 1 101 Swift, Little 3 1 143 147
102 Tchagra, Black-crowned* 102 Tchagra, Black-crowned* 1 1 102 Tchagra, Black-crowned* 4 2 1 102 Tchagra, Black-crowned* 3 2 1 102 Tchagra, Black-crowned* 7 2 1 2 12
103 Tinkerbird, Red-fronted 103 Tinkerbird, Red-fronted 103 Tinkerbird, Red-fronted 3 2 1 103 Tinkerbird, Red-fronted 6 1 103 Tinkerbird, Red-fronted 9 2 11
104 Tit, Red-throated 2 4 1 104 Tit, Red-throated 6 12 1 104 Tit, Red-throated 1 1 4 1 104 Tit, Red-throated 6 6 11 1 104 Tit, Red-throated 13 9 31 53
105 Vulture, African White-backed 5 1 105 Vulture, African White-backed 1 1 105 Vulture, African White-backed 4 2 1 105 Vulture, African White-backed 1 1 105 Vulture, African White-backed 10 3 13
106 Vulture, Lappet-faced 2 1 1 106 Vulture, Lappet-faced 1 1 106 Vulture, Lappet-faced 1 1 106 Vulture, Lappet-faced 106 Vulture, Lappet-faced 3 2 5
107 Vulture, Ruppell's Griffon 1 1 107 Vulture, Ruppell's Griffon 2 1 107 Vulture, Ruppell's Griffon 6 2 1 107 Vulture, Ruppell's Griffon 107 Vulture, Ruppell's Griffon 9 2 11
108 Warbler, Willow* 1 1 108 Warbler, Willow* 1 1 108 Warbler, Willow* 108 Warbler, Willow* 108 Warbler, Willow* 1 1 2
109 Waxbill, Black-faced 109 Waxbill, Black-faced 109 Waxbill, Black-faced 2 1 109 Waxbill, Black-faced 109 Waxbill, Black-faced 2 2
110 Weaver, Brown-capped 1 1 110 Weaver, Brown-capped 110 Weaver, Brown-capped 110 Weaver, Brown-capped 110 Weaver, Brown-capped 1 1
111 Weaver, Lesser Masked 1 1 111 Weaver, Lesser Masked 111 Weaver, Lesser Masked 1 5 1 111 Weaver, Lesser Masked 111 Weaver, Lesser Masked 1 6 7
112 Weaver, Speckle-fronted 6 1 1 112 Weaver, Speckle-fronted 2 1 112 Weaver, Speckle-fronted 10 3 1 112 Weaver, Speckle-fronted 7 3 1 112 Weaver, Speckle-fronted 25 6 1 32
113 Weaver, Speke's 113 Weaver, Speke's 3 1 113 Weaver, Speke's 1 7 1 113 Weaver, Speke's 12 1 113 Weaver, Speke's 1 22 23
114 Weaver, Vitelline Masked 1 1 114 Weaver, Vitelline Masked 3 1 114 Weaver, Vitelline Masked 4 1 114 Weaver, Vitelline Masked 7 1 114 Weaver, Vitelline Masked 1 14 15
115 Whydah, Straw-tailed 115 Whydah, Straw-tailed 115 Whydah, Straw-tailed 2 1 115 Whydah, Straw-tailed 8 2 1 115 Whydah, Straw-tailed 8 2 2 12
116 Wood-Dove, Emerald-spotted 2 1 1 116 Wood-Dove, Emerald-spotted 1 2 1 116 Wood-Dove, Emerald-spotted 1 1 1 116 Wood-Dove, Emerald-spotted 2 1 116 Wood-Dove, Emerald-spotted 6 4 10
117 Woodpecker, Cardinal 2 1 117 Woodpecker, Cardinal 117 Woodpecker, Cardinal 117 Woodpecker, Cardinal 117 Woodpecker, Cardinal 2 2
118 Woodpecker, Grey 4 1 118 Woodpecker, Grey 118 Woodpecker, Grey 118 Woodpecker, Grey 118 Woodpecker, Grey 4 4
119 Woodpecker, Nubian 119 Woodpecker, Nubian 1 1 119 Woodpecker, Nubian 1 1 119 Woodpecker, Nubian 1 1 1 119 Woodpecker, Nubian 2 2 4
Total Species Identified 
(Richness)
46 24 38 38 76 Total Species Identified (Richness) 43 22 36 29 73
Total Species Identified 
(Richness)
49 31 36 38 86 Total Species Identified (Richness) 38 34 45 36 83
Total Species Identified 
(Richness)
75 57 68 63 119
Total Individuals Identified 
(Abundance) 274 158 267 257 956
Total Individuals Identified 
(Abundance) 238 130 218 198 784
Total Individuals Identified 
(Abundance) 270 149 266 266 951
Total Individuals Identified 
(Abundance) 212 165 381 291 1049
Total Individuals Identified 
(Abundance) 994 602 1132 1012 3741
Unidentified birds 15 69 20 30 134 Unidentified birds 15 17 41 28 101 Unidentified birds 31 23 47 57 158 Unidentified birds 33 41 38 58 170 Unidentified birds 94 150 146 173 563
Canary 1 2 Canary 2 2 6 9 Canary 1 Canary 1 5 10 Canary 3 2 12 22
Dove 1 2 2 Dove Dove 3 Dove 1 Dove 1 2 3 3
Flycatcher 2 1 2 Flycatcher Flycatcher 4 2 Flycatcher 2 2 Flycatcher 4 5 6
Lark 4 4 2 Lark 4 Lark 2 1 Lark 6 Lark 6 15 2
Oxpecker 2 Oxpecker Oxpecker Oxpecker Oxpecker 2
Predatory Bird 1 1 1 Predatory Bird 2 1 1 Predatory Bird 2 1 Predatory Bird 2 1 1 Predatory Bird 4 5 3 2
Sparrow Sparrow 1 Sparrow Sparrow 1 Sparrow 1 1
Sunbird 1 Sunbird 2 3 Sunbird 1 6 11 Sunbird 1 7 11 Sunbird 2 15 26
Swallow Swallow 1 Swallow Swallow Swallow 1
Weaver 1 1 Weaver 1 6 Weaver 1 4 Weaver Weaver 1 3 10
Total Individuals Family-
Identified or Unidentified
23 79 25 38 165 Total Individuals Family-Identified or Unidentified 19 25 52 46 142
Total Individuals Family-
Identified or Unidentified
34 30 54 79 197 Total Individuals Family-Identified or Unidentified 39 49 52 81 221
Total Individuals Family-
Identified or Unidentified
115 183 183 244 725
Total Individuals Seen 
(Abundance)
297 237 292 295 1121 Total Individuals Seen 
(Abundance)
257 155 270 244 926 Total Individuals Seen 
(Abundance)
304 179 320 345 1148 Total Individuals Seen 
(Abundance)
251 214 433 372 1270 Total Individuals Seen 
(Abundance)















































































WG GL WL R WG GL WL R WG GL WL R WG GL WL R WG GL WL R WG GL WL R
1 Apalis, Bar-throated 1 101 Nightjar, Dusky 1
2 Apalis, Yellow-breasted 1 1 1 1 1 1 1 102 Oriole-Finch 1 1 1
3 Babbler, Black-lored 1 103 Oriole, African Black-headed 1 1 1 1 1 1
4 Barbet, Red-and-yellow 1 1 1 104 Oriole, Eurasian Golden* 1
5 Barbet, Red-fronted 1 1 1 1 1 1 1 1 105 Ostrich, Common 1 1 1 1 1
6 Barbet, Usambiro 1 1 1 1 1 1 1 1 1 1 106 Oxpecker, Red-billed 1 1 1
7 Batis, Chin-spot 1 1 1 1 1 1 1 1 1 107 Paradise-flycatcher, African 1 1 1 1
8 Bishop, Southern Red 1 108 Parisoma, Banded 1 1
9 Bishop, Yellow 1 109 Penduline-Tit, African 1
10 Blackcap* 1 110 Petronia, Yellow-spotted 1 1
11 Boubou, Slate-coloured 1 1 1 1 1 1 1 1 1 1 111 Pigeon, Eastern Bronze-naped 1
12 Brubru 1 1 1 1 1 1 112 Pigeon, Olive 1
13 Bulbul, Common 1 1 1 1 1 1 1 1 1 1 113 Pipit, Bush 1
14 Bunting, African Golden-breasted 1 1 1 1 114 Pipit, Grassland 1 1 1 1 1 1
15 Bush-shrike, Black-fronted 1 115 Prinia, Tawny-flanked 1 1
16 Bush-shrike, Grey-headed 1 116 Puffback, Black-backed 1 1
17 Bush-shrike, Sulphur-breasted 1 117 Pytilia, Green-winged 1 1 1 1
18 Bustard, Kori 1 1 118 Quelea, Red-billed 1
19 Bustard, White-bellied 1 1 1 1 1 119 Robin-Chat, Cape 1 1 1
20 Buzzard, Augur 1 1 1 1 1 1 120 Robin-Chat, Red-capped 1
21 Camaroptera, Grey-backed 1 1 1 1 1 1 1 121 Robin-Chat, White-browed 1
22 Canary, White-bellied 1 1 1 1 1 1 1 1 1 1 122 Robin, White-starred 1
23 Canary, Yellow-fronted 1 1 1 1 1 1 1 1 1 1 123 Roller, Lilac-breasted 1 1 1
24 Chanting-Goshawk, Dark 1 124 Roller, Rufous-crowned 1
25 Chanting-Goshawk, Eastern 1 125 Saw-wing, Black 1 1 1 1 1
26 Cisticola, Ashy 1 1 1 126 Saw-wing, White-headed 1 1 1
27 Cisticola, Croaking 1 127 Scimitarbill, Abyssinian 1 1 1 1 1 1 1 1 1 1 1
28 Cisticola, Rattling 1 1 1 1 1 1 1 1 1 1 1 128 Scimitarbill, Common 1
29 Cisticola, Winding 1 1 1 1 1 129 Scrub-Robin, White-browed 1 1 1 1 1 1
30 Citril, African 1 1 130 Secretary Bird 1 1
31 Cordon-bleu, Red-cheeked 1 1 1 1 1 1 131 Seedeater, Streaky 1 1 1
32 Courser, Temminck's 1 132 Seedeater, Yellow-rumped 1 1 1 1 1 1 1 1
33 Courser, Two-banded 1 1 133 Shrike, Lesser Grey* 1
34 Crombec, Northern 1 1 1 1 1 1 1 1 1 134 Shrike, Magpie 1
35 Crombec, Red-faced 1 1 135 Shrike, Northern White-crowned 1 1
36 Crow, Pied 1 136 Shrike, Red-backed* 1 1 1
37 Cuckoo-shrike, Grey 1 137 Silverbird 1 1 1
38 Cuckoo, African 1 138 Snake-Eagle, Black-chested 1 1 1 1 1
39 Cuckoo, Black-and-white 1 139 Sparrow-Weaver, White-browed 1
40 Cuckoo, Klaas's 1 1 140 Sparrow, Chestnut 1 1
41 Dove, Laughing 1 1 1 1 141 Sparrow, Grey-headed 1 1 1
42 Dove, Namaqua 1 1 142 Sparrow, House 1 1 1 1
43 Dove, Red-eyed 1 1 1 1 143 Sparrow, Rufous 1 1 1 1 1 1 1 1 1 1 1
44 Dove, Ring-necked 1 1 1 1 1 1 1 1 1 1 1 1 144 Sparrow, Swahili 1 1 1 1 1
45 Dove, Tambourine 1 145 Sparrowhawk, Little 1
46 Drongo, Fork-tailed 1 1 1 1 1 1 1 1 1 146 Sparrowhawk, Rufous-breasted 1
47 Eagle-Owl, Spotted 1 147 Spurfowl, Red-necked 1 1
48 Eagle, Lesser Spotted* 1 1 1 148 Starling, Greater Blue-eared 1 1 1 1 1 1 1
49 Eagle, Long-crested 1 149 Starling, Hildebrandt's 1 1 1 1 1 1 1 1 1
50 Eagle, Martial 1 150 Starling, Superb 1 1 1 1 1 1 1 1 1 1 1 1
51 Eagle, Steppe* 1 1 151 Starling, Violet-backed 1 1 1 1
52 Eagle, Tawny 1 1 1 1 1 152 Sunbird, Amethyst 1
53 Eremomela, Yellow-bellied 1 1 1 1 1 1 1 1 1 153 Sunbird, Bronze 1 1
54 Falcon, Lanner 1 154 Sunbird, Golden-winged 1
55 Firefinch, Red-billed 1 155 Sunbird, Marico 1 1 1 1 1 1 1
56 Fiscal, Common 1 1 1 156 Sunbird, Scarlet-chested 1 1 1 1
57 Fiscal, Taita 1 1 157 Sunbird, Variable 1 1 1 1 1 1 1 1 1
58 Flycatcher, African Dusky 1 1 1 158 Swallow, Barn* 1 1 1 1
59 Flycatcher, African Grey 1 1 1 1 1 1 1 1 1 1 1 1 159 Swallow, Grey-rumped* 1 1 1 1 1
60 Flycatcher, Ashy 1 1 1 1 160 Swallow, Red-rumped 1
61 Flycatcher, Northern Black 1 161 Swallow, Wire-tailed
62 Flycatcher, Pale 1 1 1 1 162 Swift, African Black 1 1
63 Flycatcher, Spotted* 1 163 Swift, African Palm 1
64 Francolin, Coqui 1 1 164 Swift, Eurasian* 1 1
65 Francolin, Hildebrandt's 1 1 1 165 Swift, Little 1 1 1 1
66 Go-away-bird, Bare-faced 1 1 1 1 1 166 Swift, White-rumped 1
67 Goose, Egyptian 1 167 Tchagra, Black-crowned* 1 1 1 1 1 1 1
68 Goshawk, Gabar 1 168 Tinkerbird, Red-fronted 1 1 1 1
69 Greenbul, Yellow-bellied 1 169 Tit, Red-throated 1 1 1 1
70 Grenadier, Purple 1 1 1 1 1 1 1 1 170 Tit, White-bellied 1
71 Grosbeak-Canary, Southern 1 1 1 1 1 171 Vulture, African White-backed 1 1 1 1
72 Ground-Thrush, Abyssinian 1 172 Vulture, Hooded 1
73 Guineafowl, Helmeted 1 1 1 1 1 1 1 1 173 Vulture, Lappet-faced 1 1 1
74 Harrier-Hawk, African 1 1 174 Vulture, Ruppell's Griffon 1 1 1 1
75 Harrier, Eurasian Marsh* 1 1 175 Wagtail, Yellow 1 1
76 Harrier, Pallid* 1 1 1 176 Warbler, Grey-capped 1
77 Hawk-Eagle, African 1 177 Warbler, Mountain Yellow 1
78 Heron, Black-headed 1 178 Warbler, Willow* 1 1 1 1 1
79 Honeybird, Wahlberg's 1 179 Waxbill, Black-faced 1
80 Honeyguide, Greater 1 1 180 Weaver, Baglafecht 1
81 Honeyguide, Lesser 1 181 Weaver, Black-headed 1 1 1
82 Hoopoe, African 1 1 1 1 1 182 Weaver, Brown-capped 1
83 Hornbill, Red-billed 1 1 1 1 183 Weaver, Chestnut 1
84 Hornbill, Von der Decken's 1 1 1 1 1 1 1 184 Weaver, Lesser Masked 1 1 1 1 1
85 Kestrel, Common* 1 1 185 Weaver, Red-headed 1
86 Kestrel, Grey 1 186 Weaver, Rufous-tailed 1
87 Kestrel, Lesser* 1 1 1 1 1 187 Weaver, Speckle-fronted 1 1 1 1 1 1 1 1
88 Kite, Black-shouldered* 1 1 1 1 1 1 1 188 Weaver, Spectacled 1 1 1
89 Lapwing, Crowned 1 1 1 189 Weaver, Speke's 1 1 1 1 1
90 Lark, Fawn-coloured 1 1 1 190 Weaver, Vitelline Masked 1 1 1 1 1 1
91 Lark, Flappet 1 1 1 1 191 Wheatear, Capped 1
92 Lark, Red-capped 1 1 1 1 192 Wheatear, Northern* 1
93 Lark, Rufous-naped 1 1 1 1 1 1 1 1 193 White Eye, Yellow 1
94 Longclaw, Yellow-throated 1 194 Whydah, Straw-tailed 1 1 1 1
95 Lovebird, Fischer's 1 195 Wood-Dove, Emerald-spotted 1 1 1
96 Martin, Common House* 1 1 196 Woodpecker, Cardinal 1 1 1 1
97 Martin, Plain* 1 1 1 197 Woodpecker, Golden-tailed 1 1 1
98 Martin, Rock 1 1 198 Woodpecker, Grey 1
99 Mousebird, Blue-naped 1 1 1 1 1 1 199 Woodpecker, Nubian 1 1 1
100 Mousebird, Speckled 1 1 1 1 1 1
*denotes migrant to Enashiva
Appendix III. Presence of Bird Species by Habitat at Enashiva Nature Refuge (Fall 2009, Spring 2011, and Fall 2011)
SPRING 2011 FALL 2011
Total Number of Species 122 121 119
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x denotes 30+ minutes of rain in a given hour block
x denotes a day without known rain
Appendix IV. Enashiva Fall 2011 Daily Rain Log
Series 1 Data Series 2 Data Series 3 Data Series 4 Data
Appendix V. Data Collection Habitats of Enashiva (Fall 2011 Study) 
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